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Abstract 
The purpose of this study was to determine energy equivalents of inputs and output in maize production in Bursa province. The data in this study 
were collected from maize farms in Bursa province, Karacabey district. Questionnaires were administered through  face-to-face  interview in 2011 
July, 2011. The results of the study show that fertilizers have the highest rate of energy equivalency of all the inputs used in maize production at 
51.47%. The energy equivalent rate of electricity is 20.30% and the energy equivalent rate of fuel is 23.29%. The energy equivalent rates for human 
power, machinery, chemicals and water for irrigation were determined to be low in  maize production. According to the output/input ratio calculated, 
the energy ratio is 0.76 in maize production in the research area. This ratio implies that the inputs used in maize production have not been used 
effectively. Ineffective use of these resources also causes environmental problems. 
Key words: Maize production, energy ratio, energy input, Turkey. 
Introduction 
Historically, the agricultural sector has been Turkey’s largest 
employer and a major contributor to the country’s Gross Domestic 
Product (GDP), its exports and its rural development. Turkey is an 
important producer and exporter of agricultural commodities on 
world markets and is estimated to be the world’s 7th largest 
agricultural producer. Although, agriculture has been declining in 
importance compared with the industrial and service sectors, it 
nonetheless continues to play a fundamental role in Turkish 
society, employing approximately  a quarter of the workforce and 
generating most of the income and employment in rural areas 1. 
Turkish agriculture’s share in employment decreased from 50% in 
1980, to 25% in 2009 and its contribution to the GDP also declined 
from 23% to 8.3% over the same period. Still, the share of 
agricultural exports in total exports remains stable at approximately 
11% of  the total 2. 
   Turkey’s climatic and geographical conditions permit a wide 
range of farming activities. Thus, Turkey is largely self-sufficient 
in foodstuffs. Turkey has a total land area of 78 million hectares 
with approximately 40 million hectares of agricultural land. Roughly 
55% of Turkey’s agricultural lands are devoted to arable crops (of 
which approximately 11% is fallow land and 24% irrigated); 38% 
to permanent meadows and pastures and 8% to permanent crops2. 
Agricultural production, particularly crop production, has grown 
rapidly over the past two decades in Turkey. The main crops 
produced are cereals (wheat, barley and maize), orher crops (sugar 
beet, cotton, potato and tobacco), vegetables, fruits and other 
perennial crops (apples, citrus fruit, grape, fig, hazelnut, olive and 
tea). Turkey plays a major role among the countries that  produce 
cereals.Of Turkey’s cropland 75% are devoted to cereal 
production3. 
    As mentioned above, Turkey’s ecology is suitable for growing 
many agricultural products. In addition to cereals Turkey is also 
among the prominent countries in terms of maize production for 
oil seed and animal feed. Although Turkey has an important place 
in terms of maize production, the country has a deficit in vegetable 
oil production and it compensates for this deficit with imports. 
Turkey’s share of vegetable oil production in the world is 
approximately 0.52% (Table 1). 
    In terms of maize yield, Turkey is in third position after the 
U.S.A and France (719 kg/da). In the province of Bursa which has 
the capability of growing many different crops, maize production 
is also given importance. In Bursa province 6.91% of the 
agricultural areas have been reserved for field crops production 4. 
The maize production in Bursa province is 1,120,166 tons. 
   Traditional or low energy farming is being substituted by modern 
or energy intensive farming wherever feasible to meet growing 
demand for agricultural products, particularly food 6. Recently, 
cropping pattern, farm activities and level of technology defined 
the energy requirements. Energy needs are not only increasing in 
the agricultural sector, but in all sectors involving human activities. 
There is a great need to balance the use and availability of energy 
especially in the agricultural sector, in  a manner that does not 
affect production adversely 7. 
Received 5 December 2011, accepted 18 April 2012. 
Table 1. Maize production and yield in the most 
prominent maize-producing countries. 
Country 
Production 
(ton) 
Production     
area (ha) 
Yield 
(kg/da) 
U.S.A.  333,011,000   32,209,300 1034 
Turkey      4,250,000       591,279   719 
China  164,107,560   31,203,727   526 
Brazil    51,232,400   13,791,200   371 
France    15,288,200     1,679,870   910 
India    16,680,000     8,330,000   200 
Argentina   13,121,400     2,337,180   561 
Indonesia   17,629,700     4,160,660   424 
Mexico   20,142,800     6,223,050   324 
WORLD 818,823,434 158,628,747   516 
  Resource: http://faostat.fao.org.2009 5. 
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A large amount of fossil fuel energy is used in modern agriculture. 
From an ecological perspective, the fossil fuel energy used in 
industrial products such as chemical fertilizers and herbicides 
makes agricultural inefficient. Agricultural practices take into 
account must energy efficiency to implement low input 
management and to reduce the environmental impact 8. 
Turkey’s energy consumption in agriculture has increased year by 
year, but more intensive energy use has resulted in some important 
health and environmental problems 9. Thus, efficient use of energy 
input has become important in terms of sustainable farming 10. 
Energy output/input analysis is usually performed to measure the 
degree of energy efficiency and is used for environmental studies. 
In Turkey,  many researchers  have conducted  energy output/input 
analysis 11-17. Some of the benefits to be obtained by energy output/ 
input analysis  can be summarised as follows: by energy output/ 
input analysis, the effectiveness of the energy used in production 
will be determined by utilising this information, the wasteful 
expenditures and environmental damages due to excessive energy 
usage (fertilisers, pesticides, etc) will be prevented. 
    One of the aims of this research is to determine the inputs used 
in the production of maize in Bursa province and  the energy 
equivalents of these inputs. Accordingly, the equivalency of 
energy is calculated for maize. Another purpose of this research is 
to calculate the output/input ratio for maize and to determine the 
energy efficiency of these inputs within the framework of this 
ratio. 
Materials and Methods 
The data for this research were obtained from surveys conducted 
at the farms that cultivate maize in Karacabey district, Bursa 
province, in July 2011. Sixty farms that produce maize were 
interviewed face to face. A simple random sampling method was 
used to determine the volume of the survey. The formula of the 
simple random sampling method is as follows 18 : 
In equation 1; n = the volume of sample, s = the standard deviation, 
t = the t value of the 95% confidence interval (1.96), N = the 
number of farms belonging to the sampling frame and E = the 
acceptable error (5% deviation) 
     In this research, the amount of inputs used in maize  production 
(chemical agents, lime, fertilisers, fuel, electricity, irrigation water, 
manpower, machinery power) was used to calculate the energy 
equivalents. Table 2 shows the energy equivalents of the inputs 
and outputs used in agricultural production. The input quantities 
for this research were calculated per hectare. These data were 
then multiplied by the coefficient of energy equivalent. Previous 
studies are used as a reference for the determination of the 
coefficients of the energy equivalent.  These references can be 
seen in Table 2. The energy equivalents of the inputs are shown 
in  megajoules (MJ). For example 1 litre of diesel fuel is equivalent 
to 56.31 MJ of energy (Table 2). The total input equivalent is 
calculated by adding all the energy equivalents (MJ) of inputs. 
   The energy output/input ratio and energy efficiency coefficients 
are calculated to determine the effectiveness of the energy use in 
maize production. To calculate these coefficients, the following 
formulas (2, 3) were used 19, 20 : 
The energy of the inputs used in production can be examined 
as four types: direct, indirect,  renewable and non-renewable. While 
indirect energy covers  fertilisers, pesticides and machinery, direct 
energy covers labour, fuel and electricity. Non-renewable energy 
source includes fuel, chemical fertilisers, pesticides, electricity 
and the machinery power. Renewable energy includes labour 25. 
    An increase in the output/input ratio indicates an improvement 
in energy use efficiency, while a decrease indicates the opposite. 
Changes in efficiency can be both short and long term, and they 
will often reflect changes in technology, government policies, 
weather patterns and farm management practices. By evaluating 
the ratios carefully, it is possible to determine trends in the energy 
efficiency of agricultural production and to explain these trends 
by attributing each change to various occurrences within the 
industry. 
  Results and Discussion 
In the area studied, the average farm size was 43.74 da, and 64.25% 
of the lands were reserved for maize production. Of the total land 
area, 45.62% was irrigated, and the average number of tractors per 
farm was 1.48. The average number of family members in the 
surveyed farms was 5.40; 53.91% of whom were male and 46.09% 
female. 
All of the agricultural machines used in the research area for 
maize production were powered by tractor. No animals were used 
in the research area for maize production. The weighted average 
revealed that 10.20 h of human labour and 1.90 h of machinery 
power were needed per da of maize production in the research 
area (Table 3). Of the total human labour, 12.74% was used for 
field preparation (tillage and furrow): 8.83% was used for 
fertilisation, chemical control, harvest, loading and transport and 
78.43% was used for irrigation. Of the total machinery usage, 
31.58% was  for furrow and 68.42% for tillage, fertilisation and 
chemical control. 
The amount of fertilisers used for maize production was 59 kg/ 
N* s² * t² 
n= ???????   
       (N?1)d² + s² * t² 
                                 The amount of energy (Output) (MJ / da) 
Output / Input Ratio = (--------------------------------------------------------) 
                                            The amount of energy (Input) (MJ / da) 
                                Maize Production (Kg / da) 
Energy Efficiency = --------------------------------------------------
                                     The amount of energy(Input) (MJ / da) 
Inputs Unit 
Energy equivalent 
coefficient (MJ unit) 
Reference 
1. Pesticides    
    Fungicides kg 216.00 21 
2. Labour hour 2.30 11 
3. Machinery hour 64.80 22 
4. Fertilisers     
   Nitrogen kg 66.14 23 
   Phosphorus kg 12.44 23 
   Potassium kg 11.15 23 
   Manure ton 303.10 11 
5.Diesel Lt 56.31 22 
  Electricity kWh 3.60 24 
  Irrigation water m³ 0.63 11 
  Output     
  Maize kg/da 1.90 12 
Table 2.  Energy equivalents of inputs and outputs 
in agricultural production. 
(2) 
(3) 
(1) 
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da. The ratio of nitrogen (N), phosphorus (P2O5) and potassium (K) 
used were 63.56%, 23.73% and 12.71%, respectively. The research 
results showed that 0.13 kg/da pesticides, 22 lt/da diesel, 300 kWh/ 
da electric and 150 m3/da water were used for maize production in 
the research area (Table 3). 
The average size of the farms researched is 1.5 ha. When Table 3 is 
examined, 37.50 kg of nitrogen, 14.00 kg of phosphorus, 7.50 kg of 
potassium, 22.00 litres of diesel fuel, 150  m3 of water, 0.13 kg of 
fungicides, 10.20 hours of human labour, 1.90 h machinery labour, 300 
kWh of electricity are used in maize cultivation. The average maize 
yield of the surveyed farms is 2117 kg/da. The energy equivalent of 
this value was calculated as 4022.30 MJ. 
     In Table 3, the ratios, in terms of the energy equivalency, of the 
inputs used in maize production were determined as follows: 
pesticides  0.41%, human labour 0.44%, machinery 2.31%, 
fertilisers 51.47%, diesel 23.29% , electricity 20.30%  and irrigation 
1.78% . It can be stated that the highest energy input is fertilisers. 
     According to the energy equivalents of the inputs and output 
of maize production, the energy output/input ratio in maize is 
calculated as 0.76.  The energy efficiency coefficient which shows 
the amount of product obtained from equivalent to the amount of 
energy used per unit area was calculated as 0.40. 
    The inputs used in maize production are shown in Table 4 as 
direct, indirect, renewable and non-renewable energy. The ratios 
of direct and indirect energy sources are close to each other, while 
the ratios of renewable and non-renewable energy are seen to be 
quite different from each other compared with direct  energy. The 
1Includes labour, diesel and electric power. 
2Includes chemical fertilisers, pesticides and machinery. 
3Includes labour. 
4Includes diesel, electricity, chemical fertilisers, pesticides and 
machinery. 
Table 4. Energy consumption for maize 
production of energy sources. 
  (MJ/da) % 
Direct Energy ¹ 22342.28 44.03
Indirect Energy ² 2882.75 54.19
Renewable Energy ³ 23.46 0.44 
Non-Renewable Energy 4 5201.57 97.78
Total energy 5319.53 100 
Inputs 
The amount 
of input/da 
Coefficient of th
energy equivalen
(MJ/unit) 
Energy 
equivalent 
(MJ/da) 
Ratio
Chemicals (kg) 0.13 216 21.60 0.41 
Fungicides 0.13 216 21.60  
Labour human (hour) 1.20 2.3 23.46 0.44 
1. Tillage 0.30 2.3 0.69  
2. Tillage 0.40 2.3 0.92  
Furrow 0.60 2.3 1.38  
Fertilisation 0.20 2.3 0.46  
Chemical control 0.10 2.3 0.23  
Irrigation 8.00 2.3 18.4  
Harvesting 0.30 2.3 0.69  
Loading 0.30 2.3 0.69  
Transportation 0.41 2.3 0.69  
Machinery (hour) 1.90 64.8 123.12 2.31 
1. Tillage 0.30 64.8 19.44  
2. Tillage 0.40 64.8 25.92  
Furrow 0.60 64.8 38.88  
Fertilisation 0.20 64.8 12.96  
Chemical control 0.10 64.8 6.48  
Transportation 0.30 64.8 19.44  
Fertilisers 5.00  2738.03 51.47
Nitrogen (kg) 37.50 66.14 2480.25  
Phosphorus (kg) 14.00 12.44 174.16  
Potassium (kg) 7.50 11.15 83.62  
Diesel (lt) 22.00 56.31 1238.82 23.29
Electricity (kWh) 300.00 3.60 1080.00 20.30
Water (m³) 150.00 0.63 94.50 1.78 
Total energy (MJ)   5319.53 100 
Yield (kg/da) 2117.00 1.9 4022.30  
Output/Input rate of 
energy 
  0.76  
Energy efficiency 
(kg/MJ) 
  0.40  
Table 3. Physical inputs and energy equivalents that are used in the 
production of maize. 
indirect energy input was higher in maize production. 
The ratio of renewable energy, including human labour, 
is very low in the total energy used (0.44). Renewable 
energy sources are inexhaustible, and they don’t 
damage the nature. In the surveyed farms, 97.78% of 
the energy sources used for maize production are non- 
renewable. Non-renewable energy resources are limited 
and have a high probability of depletion. Many of these 
non-renewable energy sources can cause harm to the 
environment. 
Conclusions 
 This research aims to  calculate energy use per hectare 
in the production of maize in Bursa Province, Karacabey 
district. The yield of maize in the surveyed farms is 
2117 kg/da. A total of 5319.53 MJ of energy was 
consumed for the production of maize per da. Most of 
this energy input (51.47%) is provided by nitrogen, 
phosphorus and potassium. The energy input/output 
ratio in maize was calculated as 0.76. In other studies 
conducted for some vegetables, the output/input coefficients have 
been calculated  as 1.26 for greenhouse tomato, 0.76 for greenhouse 
cucumber, 0.99 for greenhouse pepper,  0.61 for   eggplant 24,  3.11 
for cabbage,  2.41 for onion, 2.15 for potato, 3.21 for cabbage and 
4.8  for carrot 26. The  output/input coefficients  for some fruits 
have been calculated  as 1.24  and 1.31 for apricot 17, 1.25 for 
orange, 1.06 for lemon and 1.17 for tangerine 27. 
   The output/input ratio of maize production is low, which indicates 
the inputs are not used effectively. This ineffective use can cause 
some problems. The use of pesticides and fertilisers causes 
environmental damage and the waste of inputs. Therefore,  farmers 
must be specifically trained for the effective use of inputs in maize 
production. The cultivation of maize  varieties with high yield will 
help increase the energy output/input ratio. 
    According to the results of this research, the use of renewable 
energy is very low, indicating maize production depends mainly 
on fossil fuels. Continually rising fossil fuel prices have 
necessitated the more efficient use of diesel, chemicals and 
fertilisers for maize production. The efficient use of energy helps 
achieve increased productivity and contributes to the economics, 
profitability and competitiveness of agricultural sustainability in 
rural living. Energy management should be considered an 
important field in terms of the efficient, sustaineble and economical 
use of energy. 
   As stated in the introduction, the production of maize is increasing 
in Turkey. Therefore,  policies to promote the production of maize 
should be implemented first. The greatest responsibility belongs 
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to policy makers and  the Ministry of Agriculture. To increase 
maize production, technical staff must help farmers with relevant 
agricultural extension activites. Special policies should be 
implemented to reduce the negative effects of energy inputs on 
environmental pollution and global warming. Policies must aim to 
improve energy use efficiency. 
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